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(57) Abstract: 

PURPOSE: To provide a Wallace 
tree type carry holding adder capable 
of reducing the stage number of 
exclusive OR gates in a critical path 
without increasing the quantity of 
hardware as compared with a case of 
using a full adder as a constitutional 
unit and obtaining regular wiring 
similar to a case of using a 4-input 2- 
output adder as a constitutional unit. 

CONSTITUTION: Since a full adder 
9 having plural input terminals (a), 
(b) and (c) has a property that the 
delay time of a path for outputting a 
sum signal or a carry signal inputted 
from an input terminal (c) is a half of 
the delay time of a path for outputting 
a sum signal or a carry signal inputted 
from an input terminal (a) or (b), the 
property is utilized for constituting a 
6-input 3 -output adder 1 1 by using 
three full adders 9 and the Wallace 
tree type carry holding adder is 
constituted by using the adder 1 1 as a 
constitutional unit. 
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(54) Wa I lace h U -ll!«±frf ^#Jn»S§ 



(57) C^«5] aMW jfejgwi ti/<^mmam 

[a«l ^JDjfSS&WSK^fi t bfci©'&^Cjt'<TA- 
6 A:^ 3 til:^JnS8g^«j^T^ <i: ^tc±l214KS:|fJ^ 
6A:^3til;^jlniSC|g$#}^^fi):tLTWanace h'J 




—521— 



(2) 

1 

mm^r^ 1 1 ffi±fircOffal 1 ace h U -Sl«f ±tf 
finSStceiO. llffTffiOWallace hU-^«f±^f«# 

m:^TSVallace hU-SI«r±tf»?¥fin»Slc:feV>T, 

Tjnff 4 tf y h com^i: 1 ^±m^m^^n^ 2 
^mn^ 1 <@ ^^±-13 8 A:^ 6 mtimnm^m^'T^^ 

i : 6 A:^ 3 ai:^Jng[fi;&^m 1 (o^mn^tm 2 (^±5n 
ffSgtll3CD^JO»Sg<J:T;^^$n, ±fB6 A:^ 3 ai:^J 2Q 

mw^^xi^r^ 6 If h<oM^$. i ®^iiD» 

t _L|B^ 2 O^in^S i (C 0 . ±i2|g 1 (D±mW^ 

^\,^2m<Dm^0Wj\z\t. im-r^<on\Hct hu- 

x<^m±^fm^^KtiL. ±^m2(D±mm^(Dmm 30 

ft CD 6 A:^ 3 m-h'mnmz^n^b^ 2 (D^imm-^ 
^nx<^ri±.\m^^±M^3<D±tmmz^n^m 
mmm(r>^^^s^ir\z\tit^^mh ; ±m8Ati6mti 
mw^^m±mzis^. c<Dsxijemi3M9i^m<DT\z 

±mexf]3ihmu^^^mt. c:<z>6A:^3/±l:^Jnl¥ 

ihilmwm\zxilr^zt^»f)mLx±mxilm^^ 

3 tf-; h\z^t^^^mt ; g^t;:JbfS3 tf hom^ 
i&A:^LTfnm^^fiT±vfm^^:^aj:^-r^^4CD^Jn] ^ 

nmt ; ±m6xtj3mi3iam^izxti'r^6}fy ho 
m^o)^-^. ±m(o±m8x:hemtimnm^rc\t6x 
ti 3 mi2mn^^(omMmm(om^mnt^mmr^ 2 tf 
yV(om^t:. ±^6xii3mtiMn^^*o>$^io:>±M 
»m(D 3 moxtim^o ^ t>mmmmo:>m^^ 2 iso^t 

\ZXtir^^m^ ; «:^t-^C:t:£it#?Scai-r ^Wallace 
10 0 0 1] 



#§§¥6-3 4 84 5 7 

2 

-m\zmn^^m^:t^y>)^mn^xm^>i^n^yian 
ace h^j-mm±^mwm»m\zm'r^^<ox^^. 

[0 0 0 2] 

[t5:3l^<^S^I5] ^7{i. lllCDt£3l5«fg'rab'5ffallace h 
[0 0 0 31 ^»STtt, fk9it^^9^t\Z^^Xf»ii' 

ca^m^^m^ixinvxm^j^^^o ::<om 
^mmu\z^\^^x\t. m±vf^wmnmz^^ 
X. 9W(D^»mm»^ti. fam#tw±tfm^i:30« 
^^^n> ^^cfi. 2A:^ii[i3?§§icj;oT. -ene^sim 

[0 0 0 4] 07 lemom^mi^mw-r^m 

^cDm^^vx^^f}^. ^m^t\z±m»^2^h^j- 
mz^uLx^m^(Dmn^mm\zn^. c i-c 1 3 
tt, l«J±&'^w<D*K♦i5±^fm:^3M#, Di-Di 3 

l^Tm^^(Dypmm±v•fxtlm^x;^^. 
0. *raw±frfm;^^^ci'-ci 3«, 
mm±ifxtjm^D 1 -d 1 3 izfSi^o 
[0 0 0 5] ms\t. ±mit^m\zmi^^±mnm2cD 
~mxhh±mMm2-i^^r\Bi^mx&r^. 09 

tt. ^jlO»«82CD«<Z)|HlT*S^lia}?CSg2-2S^-risI 

^mx$>^. 

[0 0 0 6] ±Mn^2-\^tM2-2\Z^\^^X. W 

^&^^m^t^-h3\z^\'y:^mmm^\t. as, nan 

^y- h 3 (om^xwrn-r^ ctizr^. 
[0 0 0 7] zowmmmit^^t. ±Mnm2-i^ 

w^n^mmmi^-h 3i)^2WLx;^^(Dx. m7\z^ 

tijw^xu. mm^^m^y-h3i()n 2^x$>^o u 
m7iz:h\^^x. ±m^m2^Br¥f^<D^\zmmti 

)5:»^«, aP^»(A:^«J^50^S^^^JlI»Sg2«)W:f7SS 

mthox^^o &ir<Dmz:^^>xh. ±mtmm\z. 
m^mxij^^fi^ ^ mm±m»» 2 (omiim^f-^x^z^ 

[0 0 0 8] Wallace h U-S*fJ±^f«#lra»«g*ffltri 

xm^m^mn'r^m^. ^^momm^i sm^x 
\t. mi&&^i^m^^-h3<Dmmwt^fi^i2mi^&.^<D 

<D\3imz^\^^X\t. TzL^^ls Kai Hwang m^V<^ 

ppi68-ma980tcsa«$nTi^s. 
[0 0 0 9] HiOtt, m2©«*fif!i^^f ::^a-;^H 

[0 0 10] c<D^^m\z:^^>x. »i^m<Dmmn e 
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(3) 



4^51^6-34 84 5 7 



Wallace h^j-m^±^m^mnm<om^m&tt 
[0 0 1 1] m 2 (om^mu. 4Ati2mijm%^6m 

"P^iTIi, :^tX^t. Mark R. San to ro, Mark A.Hordwit 
z, "SPIM:A Pipelined 64 X64-bit Iterative Multipl 
ier", IEEE J, Solid-State Circuits, voLSC-24. no. 10 
2, PP487-493. Apr. 1989 \zmn^nx\^^^. 

[0012] mii\t. AXi32 miiisi%mm\(Di^t^ 
CO 0 1 3] Ell i\z^-rAX'n2&iMn^(o^^)j' 

^%)\n7.\z]k.^x. ^mi^w^f-YZ(nwmm< 
^^rwaiiace h^j-mm^vf^mm^o^m^mmz-r 



* 7. \t. »«sM^3sfqy- h 3 ommmscffi 9 mzu^» 

Z(D^mz^\^^X\t. ftt?i\'i. J.Mori. M.Nagamatsu. 
M.HiraDo, S.Tanaka, M.Noda. Y.Toyosbiisa, K.Hashlm 
oto, H,Hayashida. K,Maeguchi. "AlO-ns 54X54-bit P 
arallel Structured Full Array Multiplier with 0.5- 
jtio CMOS Technology", IEEE J.SoUd-State Circuits. 
vol.SC-26. no. 4, pp600-606, Apr. 1991«CiaiK$nT 

[0 0 14] tZi^X. 2 ©«Sc^3S©m^R(Dffi[^3gcX 
tnm<D^9kYt^mWt^:^m(Dl'D\Z. 2*<DBoot 

h (DTJViiv XA^m^>x^^m(Dm^^^^^\znm 
V. m¥mm±^mwmi^^t2xtiMn^t^m\^>x 
w^m^mnrr^:&mf>^^^nx\^^^o 
[0 0 15] -D^K)^ Y(Dmmm^(om^. r 

= yii yp-i yn-2 •••yi , yo =0 (yn , yn-i » 
-yi . yo tt. ^n^ntf-; I-S^b2^ ^z:>m^i^ 
fi^^tlX^^^) tr^t. 2^!fe(OBooth (r>T)V'd^)Xh. 



X • Y = X • 



(- 2 y. 



[0 0 16] 
n-3 



n-1 



H-2 



-hy. ) 



= x • 



n/2-1 
E 
=0 



.2i 



^2i+l 



2i+2 



21 



n/2-1 

= 2 PP. 

i=0 ^ 

CCT, PPi = (y2i +y2i + i -2y2i+2) • Xf^!JB 

[0 0 17] ^ic. Y(Dmm^^Wix^^m'^. nnm 

Vt h^Wilyy Y = yii yo yo-i yi.-2 



(1) 



5Kt:^o ^fe, Y0|^l&*t^|^T3&^it^, Y = y.'.iy 
«• yn* -1 "-yi * yo =y-i ~ 0 iif 
0. c:<7)«^, 2;^C!)Booth 07;prfUXAtt;fc*TS 

[0 0 18] 
[|1IC2] 



X • Y = X • (-2 



+ 2 



n'-l 



y^.+2 



n'-2 



= X 



nV2-l 
• E (y 

i=-l 



2i+l ^2i+2 



.2i+l 



2i+l 



aV2-l 

= S PP. -2 

i=-l * 

;i;iT> PP» = <y2JM +y2to - 2 yjio) * X\t 
^^^X$»^. &75:L, yo =y.i = 0 T*'5;t«&. 
<£5fe»*>fl|PP-itt> PP-i= (y-i+yo ~2yi ) 
•X = -2yi 'Xttl^. (1), (2) en 

[0 0 19] (DP Pi fS, YC0ail^-r-6 3#ff*>6#&n 

[0 0 2 01 ®P Pi 0<@Sc{^. ^»YcO«T8fc75^iSllfc<^ 

t€ (m»/2) m. ^^kot^ { (fif»+i) /2} 



5!? 



(2) 

[0 0 2 1]<3)PPi COfil«0, ±X. ±2XCDVim 
PP. ifl-Xlk1t}t-2Xtf3i^1t^^. X 

[0 0 2 2] <^mi&^m^mii^^mm'Am5^m^xiD± 

[OO2 3]012fi, 3 2lfiCO^^|^Xt3 2fl5a>^ 
ia:Y<h€:2^0Booth <D7 }\^:i*J XA^m^^xm^-T^ 
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(4) 

5 

CO 0 2 4] Booth OT;U:^UXAJCci:oT5=^n~HL 

(c«L s B fci ^jim^^i^^^f)^^ D . m^vrz^f>\z 

PNo ^PNis«:liaSL-r^» t/t-O^oT. 3 1«xaiil 

OiWis. rj®K^7'^i^i$^;»/'7^/w xv-u-x. 2. 

j8i«3*MOS5^:^-rXj , l&aiB, PP295-298 , 1986JC 
[0 0 2 51 

^tusig^wanace h u -mm ±,\m^mnm<Dm^^ 
\mnh^^&u't^t^\z. «±frf«#jii»«o^ux 

(Dti^BWt. 16fflCDi:^12a> 3 2ffl<Di:^16a 
[0 0 2 6] ^^)'r^ti)Vn7s\Z^\'y^mmm 

w^f- h 3 oMmife?^?^ 3 wtx^^ Axti2 miiisan 

tt^s^fiS6<)ii3i^y- h 3 <Dmmmt\QBi2^A, (2/n) 
(Dt^^m. z2m<r>h^i2WL\zur^. vitifi^xm 30 

[0 0 2 7] ^^\Z. mW^Y<Dmm^2><.2^ Xl^^t: 
^\Z. ^»Y5&2;^(DBootb (DT )Vzi^)XU\Z^^X'T 

2^ m(ou^mti^^\:^. z.<om^. 
\z. 2^ ->r\\ivv^M%\^u\'^n\tu^-ti,\^^m^^^ 

f-5o fciiA^, 3 21fi<D«mStXt3 2ffi(Z)^|&Yi 

$25!>coBooth <0T;u:f'jXAS:fflViT^»-rs«'&J:: 

i2 2mtimn^^m^^^L\yXh^')^^ti)vn7.\z 
:^n^»m^wmnf- h 3 (ommt^o^mmt 1 0 a 

CO 0 2 8] nm<D^^m^1lm\^x'^m^ 
hm±.yfm^h^±m'^t.^\z. ±mn^^muzt 

tim^^^m lace h U -^«t±tf «#JaJH§<Dt»fiK¥ 



#K^6~3 4 84 5 7 

jiiaa=^iog(2/o (2/n)+i a. r:^*^"^. es5^is?5^8<s 

<0^^7g:, 16®<^^#10©. 3 2{®<7)t^ 1 3g: 
irfflW-r-Silii^^T^^Wallace h 'J -^«?±Vf «#iP 
»«^*i§^-r S ^1 <h B M i:-r ^ t> CDT^ ^ o 
CO 0 2 9] ^ft. ^»Y60Si»dt2X2^ 
2;^ccOBooth <r>T)V::i^)Xlx^m^'^xm 
n^ff^rzWt'^\Z. Wallace h U -^ffi±tf «?¥jOn»S 

^titJOUJ^^iiia:, r^^te'&S 2flf<D««»cXa:3 2« 

^Sf4awii3Sitiy- hoa&=£ 1 omz^^z,t,ti^x^ 

eWal lace h U -lf«j±tf »#3ta»ggSg#^-r-5 t $ 
[0 0 3 0] 

'hm^^%\^vh::h^z^n^^wt^WLn. ±tQm^2 
m. '^it\t±Mnm2mL^m9^^\mL\z^^xzx 

ffl:^iinStSgs«^^t- ^^-^JcJ^. i^-*fTT2inSc$n^4 

^Ju»g§2®^^lniJ?«l«t 

T?±iB 8 A:^ 6 m:^inigt§§$r«^t-^«'&{cis, m-m 

xmn^n^ 3 tf hczp^^i: 1 m±^^xmn^n^ 3 

br*y hC!>flf±tfii#t$W:^-rs^S$^tt. 6A*3 
mtits^nm^^ 1 <o^ini»s 2 <D^jra#s§ 3 <7> 
^tnSStTiffl^sn, ±l2 6A:^3m;(jira»s§'\A:^? 

6 fcf y h<om^t:. ±IBIIl(0^jDS«t±IBm2 

±is^ 3 (r>±im^(D 3 ^(DA:;^iS^co ^mmmco 

2 ® <D«^o-*»ci@l 0 , ±iBM 1 <^^Jin»«(D« 
±Vfm^^, Iffii&CDWallace h U -ISfff ±Vf «#iD 
J¥St^co±IB6A:^3ttl;^iJD»fgJcj@^0, ±iB^3CD^ 
ini»|g<z> 3 «coA*iSH^cD "5 •6»«^m<©fiVi 2 
=f'OWj\Z\t. ll^T^OWaUace hU-^ffi±Vf«# 

jn»si^<^ 6 A;^ 3 mtiMnmt^^m^nx<^m±.\i 
mn^K-hx^. ±ES2CD^ira»«o5fti«^sfc«iaj 

T&cDWallace h U-^ffi±Vf^^jniStggt^(0 6 A:b 3 

mii'iBMmz^\-y^m2o:>±mnm^^m^nx<^i[^ 

^TJcA:^"r^^a:S^ti-, ±ia8A:^6a:f3iHi»§§^ 
S±aJcfa€, C<7)8A;^6ai:^iD^§§CDTlC±l56A 
:^3a:^iiiJ3t»Sffi€r. Jio6 A:^3ttl:*in»«2®d^ 
^tli:b^n^6tf-/h<om^ SrTSto 6 A:b 3 m:^iin» 

^JCA;0T'5;^«i:Srj®O7lLT±i5A:^(i^&3fcf';/ h 

\z^t^. m,mz^<Dz\^vh(Dm^^K^vxmmn 

tmi:tfm^<i:«rtti:^-r^m4<D^m»8&^i9:^t, ±ia 
6A:^3tii:^ioJHgirA;^T-5 6 tf:y hom^co^-^. 
±Ro±g2 8 A:^ 6 ttJ:^»fi^lg*;t« 6 A:^ 3 

^, ±i2 6A:^3tti:^finS[|g^o^ic!)^liD»|go3iS 
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7 

[0 03 1] 

»te«lfe31ft]y-h<DS»;&?logc2/4) (2/n)+l 

3 2f@C0<i:^l 3g:{Cp[rli^f ^ti. 4A 

:^ 2 ai:t;ira»Si=&Wal lace h U -^ti5±^f «^^iqScsg<o 
Wallace h U-il«±^f«#SP»Sa>i? 

[0 0 3 2] 

SI 1 «> im^^% i <7)^js0»it*s i 

cOge^^H^lni^-r^Wal face h U -iei«j±frf^#llP»S 
[0 0 3 3] 1 fC^-r^tfg^iIH^ mScr)«^»:i:n« 

ff-rSjiSTfl^ffitiTJifrfli-^d^^^-rs^ 1 «j±fir(OWa 
I lace hU-^W±tf^#^in»§gtciilD> 1 *ffT{fc<OWa 
I lace h U -^«j±tf ^#in^Sgtc:fe(.^Tf^^ W*S±^f m 

i:llf-;h(^>«f±Vfli^&ai:^5-r'5WaUace hU-ia«t 

[0 0 3 4] ^(0^2fg^JT«. letr-yh^A:^ 

[0 0 3 5] 8A:^6ai;^ftr»§§i ot^. 2f@co±iiD» 
[0 0 3 6] 6A:^3ffi:^iaSC|gi ^i<o^ 

JngC§§9-li. m2(7)±ira^2§9-2i. 1^300^^10 
ffSg9-3(i:Tfll^5n, 6A;f3 3W:^JD»Sgl 1-1 
-^Xijr^ 6 tf h om^^. ^ 1 <0±tin»« 9 - 1 

S2o±fings§9-2i(c2io> mi(r>±mn^9-i 

ace h 'J -Mffi±^f «#liD^S§rt<0 6 A;^ 3 di:^ JD^SS 

1 itcsio, ms<o±m»s»9-3<o3m<oxijm=f'<D 



(5) »il¥6-348457 

ot>mmmm<o&^^2m<Dm=^(om:^(oi^=^a\z\t. i 

tifT^c^Wallace h U-^l^±frf^#Bl#§§l^(7) 6 A;^ 

m2 0±m»m9-2(of^mn^m3 0±m9^9 

-3 lC:fc3^tSjlM^ra<0SViSa^c fcA:^T<51>CD-C* 

[0 0 3 7] 6A:^3fcb:tJia^§§i 1-2. 11-3 

[0 0 3 8] ^ft. ±fRmmmT}t. 8A*6a:^ilDff 

10 §§10, io^^±©(c®^, c:n^8A;^6ai:^inj» 
Sio, iO(^Tfc> 6A;^3tb:^inSSii-i. 1 
1-2, ii-3*M^. 2r:>(Dexijsmijm»mi 
1-u 1 i-2;ei>^ta:^^n'56 if^v hco^-^^ra 

<D6A:^3ffl:^Upficg&l l-3«cA*r«»c:a:$«Dji 

[0 0 3 9] |g4CD^JmgL|i9-4l^. rCD3t?5/hO 
[0 0 4 0] 6A:fj3W;^ini^§gi 1 (6A;fj3tii:t?iD 

20 ^§§11-1,, 11-2. 1 i-s^m^vrz^o) 

10. 10. ^TzUGKi^smtimwmi \^<Dmjm 
mo>m\^^u^^mm'r^2}^yh(Dm^^ iH\fyho>o 
sxtf6 m:hm»m 1 0 =&®3srs5&^ ±mMm 9 

[0 0 4 1] O^D> 6Atl3ai:^fiDSt^l l-liC:fe 

mr^f)^. ±iBn^9^mmvu\^^2\fyhom^^. 
exti3m:fjm»^i i-i(^)^io^jnists§9-ico 

S§1 l-2(c;fel/^T«. S}dyh(D^-b. 8A:h6ltiti 

jD»i§ 1 0 ^mmr^f)^. i^m^m 9 ^sis L^airJ 2 tr 

JnStS9-lOjl^^K<0:^Vi^^a, biZAIlL. 6 
9-2 <Ol^J:^f M^C 6 ^ C 8 t CD 2 t! hCD^^^r^ 

40 1 tit±<?) 6 A:^ 3 m:^ia»S i i - 3 \z^if^m i <d± 
lniSSS9-l<Oiij®^W©:glii®^a, h\zXi3LXt^> 

So 

[0 0 4 2] ±iBIIJS^tC:fet.iT, i^jbnffSg9, 9- 
1. 9-2, 9-3, 9-4(Dm^^<Dh0\ts E|7, 

^1 0<D^^mxmmLx\^^^±m9f^m2tm-<oM^ 
x^o. ::>so, mQ\z7Pir±mn^2-\^ft\m9 

IC^-r^lHJWS 2-2 i:i^-(0lsI)^T*-5o 
[0 0 4 3] t^^X. ^B\Z7r:'r±mm^2-l<D3 

50 A;^L/T^*W:^'r«/^Xfc:Btt-5»ttWS&a«iy-h 
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(6) 

9 

SCX$>^<0\ZMVX. Xti^l^ci)^^XtiVXfQ^mti 

[0 0 4 4] 0it;:;fett^^ingt§g9. 9-i, 9- lo 

2, 9-3. 9-4 1), ±IBi:l^«tC> 3fflOA:^ffl^ 

\t2mx$>^<D{zMLX. A*«^c;&^eA*bT*PS: 
A:^M^c75^^A:fjbTfa^m:f3"r^/^ 

tizmmvx. ^ini»«9-i, 9-2. 9-3, 9- 

4^m^mz'O^^X. A:^«^a> A:^«^bJ;0%>A 

[0 0 4 5] ±Elia«t;:^^^mi, AA«iTc 
55ieA:^UT^m^*rct5ffi±^fm^$ai:fj-ra/^xo 

»x^^:it^mm'r^^t\z^-DX. ^^)'T^ti}vn 
Tsoymsmm^mm-r^^'^ \z utv^^o 

[0 0 4 6] ^fS.t>%. 1 6fiO»^«(3!)fcf^y h 

$8 fcf^y hir<htc:2'::?cD^;i/->^Jc53^frt> ItPc^SA:^ 

2<i^b. 2m<Dm^m\t^tmm9^m^r. m-m 
xmn^t\^A\£yh<om^ m-^\z:^n^^xtiz 
a5*iin»sgi \-i^it\ti \-2\zm^n^mn) 
i*&±fi:Tiing[$n^2fcf>:/hoffi±vfM-^ (11^ 

mm±\m'hmnci. C2, s^^, iflf±ffiir:fefrt 
^Qxti^mmmmi i-2\zm^n^^mm±Mm 

iimncz. C4) t<&Ui::^3*r'5'bCDT*'5« 
[0 0 4 7] 8A:^6W:fjJn»Sgl 0<OW:f3 6t! 

^yh^, 6 A:^3m;fjin»Si 1-1. 11 — 2{c^o 40 
T-en-en3tf^y htc^ij^^o 6A:^3a:fjunstsi 
i-if^, micD^snstS9-i. m2(o±i5aum9- 

2, ||3(7)±lni»S§9-3$r^b. 6A:^3m:^tn]ffl§ 
ll-2t>, ^1 CD±illlSL§§9-l, m2(D±inSt^9 
-2, m3o^lin»§§9-3^^L., 6A:^3m:t»iiPS: 

3&ll-3fe, mi<^^JUfS^9-l, m2<D±llUff^ 

9-2. ^3 co^j{infHg9- 3 ^^rr^ a 

[0 0 4 8] */S:, mi©±lin^§g9-l<D^ftIfi-^i:«T 
±tfe^i:3&t, S3<Z)^linffSS9-3 0 3«(Z)A:^«^ 

(D^t>mmm(o^\^^xi2ti&=^eiLXi^m=!'hh\zmm 50 
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S2C0^Jnff|g9-2OSHi^;&^ ^3©i^ai» 
8g9-3(^>5iM«rmoSVi«TcfC»jK^nTViS. 6 
A:^ 3 mil-^n^ 11-1. 11-2. 11-3 (Dmti 

m^\ts Il2<z>±jnlits§9-2 0[>«±frf©^> mzo>^ 

9-3 <D«im#*3 J;tfflt±frf 

[0 0 4 9] 6A:f3 3ai;f3in»l§i i-Uc^ 

a-r^a:. 6A:^3ai*lH3»8§l 1-I«t:i^frt'6m2 
CD^tngCS 9-2 <^ffi±^f ^-^c 6 ;&t3SiS'r^»«&»i& 

s^py- h 3 ^acD2m-^ («j±^fm^c9. 

6A:^3a5:^iin»§§i i-i75>e6A:^3ffi:*inffSi 
i-3Jrr«)3^^) ;5^iliaT§^^&^ii3iiay-K3cD 

asccfc K>%i a6i>i^v^o ±a<^ s a:^ e ai:^iinff§g 1 0 
h^. 6Xii3^timn^ii^(D^i<D±mn^9- 

1 lc;feJt^il]^WfracDKV>A:^«H^a a:A:fjffl^b ttz 

[0 0 5 0]^ViT, 2C5(D6A:^3a:^JaffS§l l- 
l a: 1 1 - 2 i:(c*5frts 6 \iv vomiimn^. Ta<z> 
6A:f3 3m:^JnS[^i \-Z\z^^X3}dvh\z^h^ 

^i)^. ex:h3mtimwmii''3^(r>^i(D^t^n^ 

9 - 1 JC:fett«>iiM^W®fi^iA*SSTa t A*«T b 
6A:^3Hi:;t?in»g§i 1- ii:i i-2t|»tc*5Pt 

{'i'ut>t>m 2 o^mn^ 9-2 co«f _htjm#«: w:^-r 

[0 0 5 1] Mimz. mA(D±M%^9-4\Z^'DX. 

i.mzwtn^nx^'^^Qx-^zm^mnmi i-za^m 

ti3\iyh^2\iy h\Z^^^^o 
[0 0 5 2] 1 6 ffloaSiJ^a&ilDSC-r ^Wallace hU- 

[0 0 5 3] zioy^'^\z. ±.mm:mm\z^n\i. ±im 

fz.m^\Z);t^X/\-\^^3LTm.<ommf)^U<. !7iJ^4 

(2/n)+i Tut>t>. s^^mf}^sm(Dt^7m. 1 e 

lacDii^loa, 3 2ffl©t#l 3atcHU«-rs;ii:;^« 

bT?Pm^tfit±^fm-^S:^^t-'5t^JC> Wallace h 

ffiWM31lny-hoaSc75qog(2/3) (2/d) a. T^art)-^ 
sm<Dh^8m> 1 6<@<^<h^ 1 2S:> 3 2f@C0^^1 

[0 0 5 4] ^yt. ±f^nmm\z^n\t. 4Xii2mti 
mn^^ m^m&: tvftm^tmi^ \zmwm \z mmr ^ 

Z.tf)^X^. ^^\Z. ^»YOffiSC7&^2X2^ T^^t 
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11 

Wallace hU-mm±^mwmmS<D^ ^Jt"^ 
10 0 5 5] ±iaflSS«^T«, 6X:f3 3m*lin}f«l 1 

-iJc:fei.^T> 8tf^yh<D3^> 8 A:f3 6 ai:^inJfS 1 

6Xi3 3 W:^tra»« 1 1 - 1 1 <Z)^SD»5g9 

:^Jni&Sgl l-2tC*5«.iT, Sfcf^ybO^^. 8AA6 
tfi:^ftJ»«l 0*Si®-r5*^ :^*n»«9*iljaU;5:Vi 

Vs exiismiimn^i i-3\zii\^^x. m2(D^m 
1 m±(D 6Aij3 mmms^ 11-3 \z:^if^m 1 

0±m»^ 9 - 1 <D3iMl^ffl<©fi Vi«^ a , b \zKil U 
X^^^f)^> C(Dr^t>K^\z. lffiTfi:<^)WaIlace hU-M 

«f±^f «?^JDS:3gf^<^ 6 A:^ 3 mttmw^^ 1 i - 1 Jc^ -a? 
ttSS 2 ©±JDlHg 9 - 2 e, ji ^nT< s«r±tf «^ 

C 6 & 1 ffi±IC*5Vt 3 (D^iaStfg 9-3 

mmmom^^m^^zxti'r^^ o \z vxhJ:^K 

[0 0 5 6] -3^0. 6A:^3W:f3jD»aSl 1-Ur:fe 
^^X. 8 fcf^y h<Z)'5-^> 8A;f3 6ai:^*n3?§§i O^jiiS 

A:^ 3 1 i-loSi(Z)^jn»«9-iOjg 

1 l-2»z*5i.iT> 8tr!yhco^'^> 8A:^6ai:/?iin» 
Sll OSMja-rs*^ :^fin»§&9&MjiiU:/S:l.^2lf-^h 30 

omn^. 6Ati3mtimw^^i i-20mio^i}un 

3ffl:^iDffggl l-3(C*5ViT. ^2CD±in»S9-2 

(Dffi±frfm^^C601 If-; l«j±a>6A:^J 
3m:^in»|gl l-l<om3c^^tIPSLi§9--3(DilM^ 

ra<ojgVii8^cfcA:^U ^2(0^inffSg9-2C!>ffi± 
tfe#C8(Dl tf-/hcDft^§> 1 fij±c^ 6 A:^ 3 ifi:^ 
tD»8S 1 1 - 2 0)^ 3 (D±mn^ 9-3 0551^^59©® 
lri«^cfcA:^U, 6A^3m:fj3!ni»Sgl 1-10^2 

(o±m9i^^9-2<Dmmnt. eAi3 3mtfm»^i i 40 

-2<Dm2<D±mM^9-2<omm^t^. QXtl3m 

*ijn»g 1 1 - 3 torn 1 cDt^fiDiScs 9-1 coiSjsi^rac) 

;^Vi^^a, b{cA:^TSJ;'5{CbTfeJ;Vio 
[0 0 5 7] ±l2IIJg^JT«. 1 Sfcf^v hcoA:^ 

nfef^y h^S\dyhz:t\Z^\>'y^^o\ZVXh^^\ 

[0 0 5 8] i2i2tt, ^^m<Dm2<Dmmmx$>^3 2 

ficD«5^«I*Jnffr'6WaI lace h U -Mffi±^f «#JnJI 

10 0 5 9] :i<Dmmm\t. ^i(ommmL^m\z. e 50 



4*5i¥6-3 4 84 5 7 

12 

f@co 6 A:^ 3 aj:^JnSES 1 1 S b U -S!Jcai5^'&t>1tfc 
[0 0 6 0] 3 2fl«)ffl»a&lniJ|fr-SWallace hU- 

mm±^m^m»^^. m2<D^o\zm^r^^t\zj: 
[0 0 6 1] m2\z^\,^x\t. mmmmcDSii^^m 

[0 0 6 2] 03-06^*, *»?^©^3<©SIJfi^Ji&^ 
T^Uy^mX^O. 03, 04, 05, ®6«, 3 2 

m(D^m^xt3 2m<Dm^Yt^2:kmoo\h 07 )i 

3 0«f@. 3 1*B@. 3 2«SC0WaIIace NU-^«t± 

[0 0 6 3] ^\ 2Xm^\^t:LtMmz. 03tC^T2 
9 ffi a V>T«R»Sl P P 1 4 5&^^<0 i: #<D«iE]SP Ni 4 

ffl^^lP Pi6;J>^^6D<i:^<D«iE31PNi6 SjD»L.75:ttn 
Ufe:dt'3T, 2 9|gaTl 6 tfy 3 0 
ffietfl 5 tf^;/ 3 IffiSTl Ttf^i/h, 3 2ffiBT 

[0 0 6 4] 03, 043O^e»#>;5>-5,i:5 1', 2 9 
^^h3m^h\^. SKC^UfcWallace hU-l(«5 

llico8A;^3 6a:^in»«i OJK^Jc. S2<3!>8A:^6 

W :f3Jnff §§ 1 3 ^ffi V^T 8 If >y h (DX-n * 6 If h CO W 

:^[c^<!:«J)^p 8A:^6ai:;^iD»3§i 3ti, xmo^n 
»S1 2t2fiO±lni|)t«S9 t'&^b, 3<B<Dffi±^fm 

[0 0 6 5] ia4;5>^^^:^:*^:5J;^tC, 3 OffigCD^'^ffi 

±tfW;0<i-^«c I'-C 1 3T^D, ^:n6;&^3lffia 
(^tf Mlff±frf A:^M^D 1-013 \ZU^. Xyltt"^^ 
X. ^^ii^^^fi^:b^^\z. 6A;^3ai:^finSt§§i l- 
l^c;feV^T^SiEJgPNl6S:^JDa[f ^Ci:;&^T^^o 210 

ic^tt^i 6fiiog5^ia&iin»r*«^i:i^-T3^^, 

[0 0 6 6] n.^. 05, 06JC:feV^T, 8A:^6tb:ib 
jDS§gl3«. 2{@(0^1ni»§§9, 9i:, 1 f@CD^SO» 
^1 2<i:rCckrpT«^$n, |^-ffiTiin»$n^ 3 tf 

h<D^# (l^-«!tc*5ttS6A:^;3ta*lra»8gi 1-1 
icii^nsm^) i:, itR±^Ttu»$n^3 tf-/h(D 

ffi±tfm^ (l1ff±<i^c;fe^j■S6A::b3ta:^^D»Sl 1 

-itr3S5n*«M«f±frfai*®^co, ci, C2) 

[0 0 6 7] ^fL. iMmMm\'msmz^\^xu9t^ 
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CO 0 6 8] 

^mi&&}mm^y-h(DmsLmogi2/4> (2/n)+i a. 

^^\Z. *»YC0ffJS:;>t2x2^ 2^ 
(DBooth a)T;UmjXA&l|V^T^S[^ffoT*). Wall 
ace hU-Mffi±frf«#Jqff|g<o>:7U7^>f:^;W^XJc;fe 

Jnfff ^Wallace h y-M*ff±tf»#lip»sg§^-r:/n 

[132] 2tc|%I^O||2<^||2fi0!l*C^<S>3 2fflOS(^ia^ 

[0 3] *«5go||3<Z)^Jfi«S:^-ryn*>^EIT& 
D . 3 2 ffiOS^ScX ^32 mcomSliYii ^ 2 ;^<^Boot 

h <0T;i^rfuXA$fflViT^»r-5«^fc:. 2 9ffi@co 
Wallace h »J— affi±tf«?5FiinffS^^f >''Dy ^^EIT 

[04] :i^^m<oms<Dmmm^^T:/ay^mx^ 

0, 3 2«<Dtt«»Xi:3 2*B<D«»Yi^2^^cr)Boot 
Wallace S U-Mffi±tf«#Jn»tS&^-r:/D-/^0T 
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[0 5] *^M<3:)®3(D||ifiW$:^Tyn*;/!j7ST^ 
0> 3 2ffiC0«*»:Xt3 2fl5©^»Ya:^2*(Z)Boot 
h CDT;!/rfgXA€:fflViTm»-r'5«'&{C. 3 Iffiao 
Wallace h U--^ffi±frf«?lFJnJMi*^-r:/D^:;^0T 

[0 6] ^^m(Dms(Dmmw^^'r:fayi7m'v;Sb 

0, 3 2fl?(^»^»xa:3 2ti5<Dm»Ya:$2:;^(DBoot 
Wallace h U-Silff±tf«fiFlID»Sg*^T:/nty^0T 
[0 7] ^lcr)fie*0!IT$>SWallace hU-S!ffi±tf« 
[0 8] ^lra»S2C0'-«T*^i^SPl!tS2-l:£^r 

iii^0-e*So 

[0 9] ^llD»li2<Dte<0«Tfe«^lin»S2-2S^ 
[010] ll2coaa^W^^'r::/P:yi5^0T*So 

[011] 4A:*2ai*anff§g(;>sijco«e*^&^-riHi» 

0Tafe^o 

a? [012] 3 2ffi<^Sm»Xi:3 2fficO^|&Yi:^2^*: 

(DBooth (z>T;^d'»jxA&fflViT«ifr^ja3g*^fia 

HJ0T*So 
[^F^c^HiO^] 
l-SPi>«l, 

2, 2-1. 2-2-^ttIJS«. 

9-1 -mi <D^m»^. 

30 9-2-m2<O^Jpjm. 
9-3«-m3(^±2JD^§§. 

9- 4-S4(D^JPS[^. 

10- -8A*6ia*inJ¥Sg, 

11. 11-1. 11 — 2, 1 1 — 3-6A:^3m:trJn 

1 2 "-^fiOffg. 

1 3--8A:^6di:^iafitli, 

c 1 - c 1 3 1 ffi±fi:'\<D+R5ffi±frf 

D 1 -D 1 3 - 1 firFfi:)5)^e»o*w^^±^f A:^m#o 
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